Introduction {#s1}
============

Increasing evidence suggests that early, aggressive intervention has a beneficial impact on the clinical response to therapy in patients with rheumatoid arthritis (RA), and delay in initiation of treatment and prior disease-modifying antirheumatic drug (DMARD) exposure has been associated with decreased response.[@R1] Although there are limited data in randomised controlled trials on the efficacy treatment in biological DMARD (bDMARD)-naive patients versus patients with an inadequate response (IR) to bDMARDs (bDMARD-IR), published reports of bDMARDs have generally shown less clinical response when a bDMARD is used after an IR to at least one previous bDMARD.[@R10] It is important that new RA therapies demonstrate efficacy and tolerability in RA patient populations with varying disease duration and prior treatment exposure to reflect the variability seen in clinical practice.

Tofacitinib is an oral Janus kinase inhibitor for the treatment of RA. The clinical efficacy and safety of tofacitinib 5 and 10 mg twice daily as monotherapy or in combination with conventional synthetic DMARDs (csDMARDs) for the treatment of RA has been reported previously in phase II,[@R22] phase III[@R27] and long-term extension (LTE) clinical studies.[@R33]

Patients receiving tofacitinib in the RA development programme included those who were naive to or had an IR to bDMARDs. The objectives of these analyses were to compare the efficacy and safety of tofacitinib 5 and 10 mg twice daily versus placebo in patients who had an IR to csDMARDs only (bDMARD-naive), and patients with an IR to previous bDMARDs including tumour necrosis factor inhibitors (TNFi; bDMARD-IR).

Methods {#s2}
=======

Clinical studies {#s2a}
----------------

### Phase II studies {#s2a1}

The four phase II studies were randomised, double-blind, placebo-controlled studies: A3921025 (NCT00413660), A3921035 (NCT00550446), A3921039 (NCT00603512) and A3921040 (NCT00687193). Patients received tofacitinib 1, 3, 5, 10 or 15 mg twice daily, tofacitinib 20 mg once daily (A3921025) or placebo, as monotherapy (A3921035 and A3921040) or in combination with background methotrexate (A3921025 and A3921039). A3921035 included a monotherapy adalimumab arm. Patients had an IR to a bDMARD or csDMARD (A3921035 and A3921040), or methotrexate (A3921025 and A3921039). Full details have been published previously.[@R22] [@R24]

### Phase III studies {#s2a2}

The five phase III studies were double-blind, placebo-controlled, global studies: ORAL Step (A3921032; NCT00960440), ORAL Scan (A3921044; NCT00847613), ORAL Solo (A3921045; NCT00814307), ORAL Sync (A3921046; NCT00856544) and ORAL Standard (A3921064; NCT00853385). Patients had an IR to a bDMARD or csDMARD (ORAL Solo and ORAL Sync), methotrexate (ORAL Scan and ORAL Standard) or TNFi (ORAL Step). Patients with RA received tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily or placebo, as monotherapy (ORAL Solo), with background csDMARDs (ORAL Sync) or with background methotrexate (ORAL Standard, ORAL Scan, ORAL Step). ORAL Standard included an adalimumab plus methotrexate arm. In ORAL Sync, ORAL Standard and ORAL Scan, placebo patients who did not achieve ≥20% decrease in tender/swollen joints were treated with tofacitinib at month 3. All remaining placebo patients were treated with tofacitinib at month 6. In ORAL Step and ORAL Solo, all placebo patients were treated with tofacitinib at month 3. Full details have been published previously.[@R27] After the publication of ORAL Standard, one of its study sites (nine patients randomised) was found to be non-compliant to study procedures and those patients have been removed from the efficacy analyses presented here.

Patient subpopulations {#s2b}
----------------------

IR was defined as discontinuation due to lack of efficacy, an adverse event (AE), or both, in all studies except for study A3921039, which did not collect the same detailed information.

Two analysis cohorts were included: pooled phase II and phase III studies (P2/P3) cohort, and the pooled phase III studies (P3) cohort. The P2/P3 cohort included patients from the four phase II and five phase III studies. The P3 cohort included patients from the five phase III studies.

The following patient subpopulations were analysed in both P2/P3 and P3 cohorts according to prior DMARD experience and response to DMARD therapy: bDMARD-naive: patients who had an IR to csDMARDs onlybDMARD-IR: patients with an IR to previous TNFi or other bDMARDs.

For the P2/P3 cohort, the following patient subpopulations were analysed according to previous TNFi exposure: bDMARD-naive: patients who had an IR to csDMARDs onlypatients who were IR to one previous TNFipatients who were IR to multiple previous TNFi (≥2 previous TNFi).

Efficacy and safety analyses {#s2c}
----------------------------

The following efficacy parameters were assessed: American College of Rheumatology (ACR) 20/50/70 response rates; disease activity score (DAS)28-4(erythrocyte sedimentation rate) (ESR); Health Assessment Questionnaire-Disability Index (HAQ-DI); Clinical Disease Activity Index (CDAI) and Simplified Disease Activity Index (SDAI). Efficacy comparisons were performed on the P2/P3 cohort at months 3 and 6.

Safety parameters assessed using exposure estimates and incidence rates (patients with event per 100 patient-years of observation) included discontinuations due to AEs; serious AEs (SAEs); all-cause mortality; malignancies (excluding non-melanoma skin cancer (NMSC)); lymphoma/lymphoproliferative disorders; all herpes zoster (HZ; serious and non-serious); serious HZ; serious infection events (SIEs); tuberculosis (TB); opportunistic infections (excluding TB) and major adverse cardiovascular events. Safety was assessed in the P3 cohort during months 0--6 for placebo and months 0--24 for tofacitinib. Patients initially treated with placebo were counted in the placebo group until treatment with tofacitinib. Safety endpoints were analysed in the P3 cohort only and not the P2/P3 cohort due to the phase II studies containing multiple doses and titrations of tofacitinib, thereby making it difficult to assign a safety event to a specific tofacitinib 5 or 10 mg twice daily dose.

Statistical analyses {#s2d}
--------------------

All efficacy and safety analyses were based on the full analyses set---all patients who were randomised and received ≥1 dose of study treatment (tofacitinib or placebo).

For binary efficacy variables, missing values were computed using non-responder imputation, except for CDAI and SDAI (low-disease activity or remission) where observed case data were used. Testing for treatment differences between tofacitinib and placebo was based on the normal approximation. For continuous variables, missing values were handled by the linear mixed-effect models (used to assess the treatment effects). For the exploratory analysis of tofacitinib versus placebo at month 3, statistical significance was declared at p\<0.05, without multiplicity corrections to preserve type I error.

The 95% CIs were presented for the bDMARD-naive and bDMARD-IR subpopulations. For binary efficacy variables, exact binomial intervals were calculated, and for continuous efficacy variables, normal approximation was used.

All safety analyses were based on observed cases. Incidence rates for safety parameters were calculated by exposure and dose. Incidence rates were based on the number of patients with an event and total exposure time censored at time of event, death or withdrawal from the study; 95% CIs for incidence rates were based on maximum likelihood estimation. A subanalysis of incidence rates for safety events of special interest for patients with/without concomitant glucocorticoid treatment was also performed.

Results {#s3}
=======

Patients {#s3a}
--------

A total of 1071, 1090 and 651 bDMARD-naive patients were randomised to receive tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily and placebo, respectively. In the bDMARD-IR subpopulation, 259, 253 and 193 patients were randomised to receive tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily and placebo, respectively. In the bDMARD-IR group, discontinuations of prior bDMARDs occurred due to lack of efficacy (68.4%), AEs (7.2%) and both lack of efficacy and AEs (24.4%).

Baseline demographics and disease characteristics were generally similar for tofacitinib versus placebo groups ([table 1](#ANNRHEUMDIS2014207178TB1){ref-type="table"}). Compared with bDMARD-naive patients, a higher proportion of bDMARD-IR patients were Caucasian, had a higher mean body mass index, were from the USA, had longer mean disease duration and slightly greater mean disease activity at baseline ([table 1](#ANNRHEUMDIS2014207178TB1){ref-type="table"}). Compared with bDMARD-IR patients, higher proportions of bDMARD-naive patients were from Latin America or rest of world, had previously taken csDMARDs other than methotrexate and were rheumatoid factor positive ([table 1](#ANNRHEUMDIS2014207178TB1){ref-type="table"}).

###### 

Patient demographics and baseline disease characteristics in the P2/P3 cohort

  ---------------------------------------------------------------------------------------------------------------------------------------------
                                                       bDMARD-naive   bDMARD-IR                                                 
  ---------------------------------------------------- -------------- --------------- ------------- ------------- ------------- ---------------
  Caucasian, %                                         54.2           54.4            56.1          81.9          78.8          75.5

  Female, %                                            82.8           85.0            85.0          81.9          84.2          83.0

  Age in years, mean (SD)                              52.0 (12.5)    52.6 (11.9)     52.3 (11.6)   54.0 (11.6)   54.7 (11.1)   54.9 (10.9)

  Mean (SD) weight, kg                                 67.0 (17.7)    68.3 (17.9)     69.0 (18.0)   78.9 (23.0)   77.3 (22.3)   77.4 (22.1)

  Geographic region, %                                                                                                          

   USA                                                 12.0           11.4            12.9          44.0          44.8          47.8

   Europe and Canada                                   34.4           35.5            35.3          38.3          32.0          30.0

   Latin America                                       18.1           18.4            17.8          6.2           6.2           5.1

   Rest of world                                       35.5           34.7            33.9          11.4          17.0          17.0

  Mean (SD) disease duration, years                    8.2 (8.2)      7.7 (7.4)       8.1 (7.9)     11.2 (8.6)    12.1 (9.1)    12.6 (8.6)

  Mean (SD) BMI                                        25.6 (5.7)     26.2 (6.1)      26.5 (6.1)    29.3 (7.6)    29.0 (7.7)    28.8 (7.3)

  \% RF+                                               70.2           72.4            71.7          62.2          65.2          66.7

  \% anti-CCP+ (≥60 units)                             69.0           67.2            65.6          62.7          63.2          65.3

  Mean (SD) DAS28-4(ESR)\*                             6.3 (1.0)      6.4 (1.0)       6.4 (1.0)     6.4 (1.1)     6.5 (1.0)     6.5 (0.9)

  Mean (SD)\                                           1.3 (0.7)      1.4 (0.7)       1.4 (0.7)     1.6 (0.6)     1.6 (0.6)     1.5 (0.6)
  HAQ-DI\*                                                                                                                      

  Mean (SD) SDAI\*                                     38.0 (13.2)    38.9 (12.9)     38.6 (12.8)   39.9 (13.7)   40.7 (13.4)   39.8 (13.2^)^

  Mean (SD) CDAI\*                                     36.2 (12.8)    37.0 (12.3)\*   36.8 (12.5)   38.3 (13.3)   38.6 (12.5)   37.8 (12.3)

  Mean (SD) tender joint count\*                       23.8 (13.9)    25.1 (14.7)     25.1 (14.9)   27.8 (16.9)   28.8 (16.7)   27.6 (15.8)

  Mean (SD) swollen joint count\*                      15.2 (9.0)     15.1 (9.2)      15.0 (8.6)    16.8 (10.6)   16.1 (9.4)    16.5 (10.2)

  Mean (SD) pain VAS\*                                 56.1 (23.2)    58.6 (23.4)     59.1 (23.1)   60.1 (23.5)   64.3 (21.9)   61.4 (21.4)

  Mean (SD) PtGA VAS\*                                 56.3 (22.8)    59.5 (22.9)     59.0 (23.2)   61.2 (22.7)   64.4 (22.0)   61.5 (21.7)

  Mean (SD) PGA VAS\*                                  59.1 (17.0)    60.3 (16.8)     59.3 (16.8)   63.4 (16.6)   65.1 (17.4)   62.5 (18.6)

  Mean (SD) CRP, mg/L\*                                13.5 (18.0)    16.2 (22.1)     15.5 (19.9)   15.7 (18.8)   19.6 (25.7)   18.8 (30.6)

  Mean (SD) ESR, mm/h\*                                49.0 (25.0)    50.7 (26.6)     49.9 (26.1)   45.7 (24.0)   47.1 (26.0)   49.1 (27.6)

  Previously taken methotrexate, %                     89.6           90.4            90.9          96.4          95.0          90.9

  Previously taken DMARDs other than methotrexate, %   61.8           61.1            61.7          33.2          49.8          47.8

  Previously taken TNFi, %                             0              0               0             95.9          94.2          97.2

  Previously taken any other DMARDs, n (%)             0              0               0             38 (19.7)     62 (23.9)     49 (19.4)

   Abatacept                                                                                        23            33            33

   Anakinra                                                                                         3             6             3

   Rituximab                                                                                        7             16            11

   Tocilizumab                                                                                      7             14            12

   Other                                                                                            2             6             2

  TNFi (no other bDMARD taken)†, n (%)                 0              0               0             155 (80.3)    197 (76.1)    204 (80.6)

   One TNFi‡                                                                                        97 (62.6)     120 (60.9)    140 (68.6)

   Multiple TNFi‡                                                                                   58 (37.4)     77 (39.1)     64 (31.4)

  Other bDMARDs (no TNFi taken)†, n (%)                0              0               0             8 (4.1)       15 (5.8)      7 (2.8)

  TNFi and other bDMARDs†, n (%)                       0              0               0             30 (15.5)     47 (18.1)     42 (16.6)

   One TNFi and\                                                                                    17 (56.7)     25 (53.2)     15 (35.7)
  other bDMARD§                                                                                                                 

   Multiple TNFi and other bDMARDs§                                                                 13 (43.3)     22 (46.8)     27 (64.3)
  ---------------------------------------------------------------------------------------------------------------------------------------------

\*The denominators were slightly less than the numbers of randomised patients (Ns), based on data collection and availability.

†% based on denominator of the total number of patients (per treatment) in the bDMARD-IR population, and these groups are mutually exclusive. ‡% based on denominator of the total number of patients (per treatment) who had previously taken TNFi in the bDMARD-IR population. §% based on denominator of the total number of patients (per treatment) who had previously taken TNFi and other bDMARDs in the bDMARD-IR population.

bDMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS, disease activity score; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire-Disability Index; IR, inadequate responders; N, number of patients included in analysis; P2/P3, phase II/phase III; PGA, Physician Global Assessment of Arthritis; PtGA, Patient Global Assessment of Arthritis; RF, rheumatoid factor; SDAI, Simplified Disease Activity Index; TNFi, tumour necrosis factor inhibitor; VAS, visual analogue scale.

Efficacy {#s3b}
--------

### Tofacitinib 5 mg twice daily {#s3b1}

#### Tofacitinib 5 mg twice daily versus placebo {#s3b1a}

In both bDMARD-naive and bDMARD-IR patients, a significantly (p\<0.05) greater proportion of patients in the tofacitinib 5 mg twice daily group versus placebo achieved ACR20/50/70 response rates at month 3 ([figure 1](#ANNRHEUMDIS2014207178F1){ref-type="fig"}). Furthermore, least-squares mean changes from baseline at month 3 in HAQ-DI and DAS28-4(ESR) ([figure 2](#ANNRHEUMDIS2014207178F2){ref-type="fig"}), and improvements in other efficacy parameters, were significantly (p\<0.05) higher for tofacitinib 5 mg twice daily versus placebo, except the percentage of patients achieving improvements ≥0.22 in HAQ-DI for bDMARD-IR patients ([table 2](#ANNRHEUMDIS2014207178TB2){ref-type="table"}).

###### 

Efficacy responses at month 3 for bDMARD-naive versus bDMARD-IR in the P2/P3 cohort

                             bDMARD-naive          bDMARD-IR                                                                                                 
  -------------------------- --------------------- --------------------------- --------------------------- --------------------- --------------------------- ---------------------------
  CDAI ≤10†                  14.3 (11.5 to 17.4)   32.4\*\*\* (29.5 to 35.4)   39.8\*\*\* (36.8 to 42.9)   14.4 (9.4 to 20.6)    29.5\*\* (23.8 to 35.8)     35.9\*\*\* (29.7 to 42.5)
  CDAI ≤2.8‡                 0.7 (0.2 to 1.8)      6.4\*\*\* (5.0 to 8.2)      9.0\*\*\* (7.3 to 11.0)     1.2 (0.1 to 4.3)      5.9\* (3.3 to 9.7)          6.5\* (3.7 to 10.5)
  SDAI ≤11†                  14.2 (11.4 to 17.3)   34.6\*\*\* (31.6 to 37.6)   41.1\*\*\* (38.0 to 44.2)   13.8 (8.9 to 19.9)    29.8\*\*\* (24.0 to 36.1)   38.3\*\*\* (32.0 to 44.9)
  SDAI ≤3.3‡                 0.7 (0.2 to 1.8)      6.4\*\*\* (4.9 to 8.1)      9.3\*\*\* (7.6 to 11.3)     0.6 (0.0 to 3.3)      6.8\*\* (3.9 to 10.8)       8.3\*\*\* (5.0 to 12.6)
  DAS28-4 (ESR) ≤3.2†        4.5 (3.0 to 6.5)      16.6\*\*\* (14.3 to 19.2)   22.9\*\*\* (20.3 to 25.8)   5.1 (2.4 to 9.5)      12.7\* (8.6 to 17.7)        17.8\*\*\* (13.0 to 23.4)
  DAS28-4 (ESR) \<2.6‡       2.3 (1.2 to 3.8)      7.3\*\*\* (5.7 to 9.2)      11.5\*\*\* (9.5 to 13.7)    2.3 (0.6 to 5.7)      6.6\* (3.7 to 10.6)         8.4\* (5.2 to 12.9)
  HAQ-DI improvement ≥0.22   28.7 (24.5 to 33.1)   52.9\*\*\* (49.5 to 56.3)   59.8\*\*\* (56.4 to 63.0)   36.9 (29.8 to 44.4)   45.7 (39.4 to 52.2)         55.3\*\* (48.7 to 61.7)
  HAQ-DI improvement ≥0.5    18.2 (14.8 to 22.1)   40.3\*\*\* (37.0 to 43.6)   46.1\*\*\* (42.8 to 49.5)   20.1 (14.5 to 26.7)   31.0\* (25.3 to 37.2)       39.2\*\*\* (33.0 to 45.8)

\*p\<0.05; \*\*p\<0.001; \*\*\*p\<0.0001 versus placebo. No preservation of type I error or multiple-comparisons correction was applied to p values as statistical significance defined as p\<0.05 was exploratory in nature; 95% CIs are exact binomial CIs for single proportions.

†Low-disease activity.

‡Disease remission. DAS28-4(ESR) and HAQ-DI data were FAS, NRI; CDAI and SDAI data were FAS, observed case; percentages were based on the number of patients available for each parameter analysis.

bDMARD, biological disease-modifying antirheumatic drug; CDAI, Clinical Disease Activity Index; DAS, disease activity score; ESR, erythrocyte sedimentation rate; FAS, full analysis set; HAQ-DI, Health Assessment Questionnaire-Disability Index; IR, inadequate responders; N, number of patients with available ACR data at month 3; NRI, non-responder imputation; P2/P3, phase II/phase III; SDAI, Simplified Disease Activity Index.

![(A) ACR20, (B) ACR50 and (C) ACR70 response rates (95% CI) at month 3 for bDMARD-naive versus bDMARD-IR populations in phase (P)2/P3 cohort (FAS, NRI). \*p\<0.05; \*\*p\<0.001; \*\*\*p\<0.0001 vs placebo. No preservation of type I error or multiple-comparisons correction was applied to p values as statistical significance defined as p\<0.05 was exploratory in nature; 95% CIs are exact binomial confidence intervals for single proportion. ACR 20/50/70, proportion of patients achieving \>20%, \>50%, and \>70% improvement in American College of Rheumatology criteria; bDMARD, biologic disease-modifying antirheumatic drug; BID, twice daily; CI, confidence interval; FAS, full analysis set; IR, inadequate responders; NRI, non-responder imputation.](annrheumdis-2014-207178f01){#ANNRHEUMDIS2014207178F1}

![LS mean change from baseline (95% CI) at month 3 in (A) HAQ-DI and (B) DAS28-4(ESR) for bDMARD-naive versus bDMARD-IR populations in the phase (P)2/P3 cohort (FAS, longitudinal model). \*\*\*p\<0.0001 vs placebo. No preservation of type I error or multiple-comparisons correction was applied to p values as statistical significance defined as p\<0.05 was exploratory in nature; 95% CIs are based on normal approximation. bDMARD, biologic disease-modifying antirheumatic drug; BID, twice daily; CI, confidence interval; DAS, disease activity score; ESR, erythrocyte sedimentation rate; FAS, full analysis set; HAQ-DI, Health Assessment Questionnaire-Disability Index; IR, inadequate responders; LS, least squares.](annrheumdis-2014-207178f02){#ANNRHEUMDIS2014207178F2}

#### Tofacitinib 5 mg twice daily versus placebo by prior TNFi exposure {#s3b1b}

For the bDMARD-naive subpopulation, improvements were significantly (p\<0.05) greater for tofacitinib 5 mg twice daily versus placebo across all efficacy endpoints at month 3 (see online supplementary table S1). In the 1 and ≥2 previous TNFi groups, tofacitinib 5 mg twice daily resulted in significant (p\<0.05) improvements versus placebo in efficacy endpoints at month 3, except DAS28-4(ESR)≤3.2 and \<2.6, and HAQ-DI ≤0.5 for one previous TNFi, and ACR70, CDAI≤10 and ≤2.8, HAQ-DI≤0.5 and SDAI≤11 for ≥2 previous TNFi, although all responses were numerically higher for tofacitinib versus placebo (see online supplementary table S1).

#### Tofacitinib 5 mg twice daily bDMARD-naive versus bDMARD-IR analyses {#s3b1c}

At months 3 and 6, improvements in clinical responses were numerically greater for bDMARD-naive versus bDMARD-IR patients, except SDAI≤3.3 at month 3 and DAS28-4(ESR)≤3.2 at month 6; 95% CIs were overlapping for most efficacy parameters, except ACR20 at month 3 ([figure 1](#ANNRHEUMDIS2014207178F1){ref-type="fig"}; [tables 2](#ANNRHEUMDIS2014207178TB2){ref-type="table"} and [3](#ANNRHEUMDIS2014207178TB3){ref-type="table"}).

###### 

Efficacy responses at month 6 for bDMARD-naive versus bDMARD-IR in the P2/P3 cohort (FAS, NRI)

                             bDMARD-naive          bDMARD-IR                                   
  -------------------------- --------------------- --------------------- --------------------- ---------------------
  ACR20                      51.9 (48.7 to 55.1)   53.8 (50.6 to 56.9)   45.6 (39.3 to 52.0)   53.1 (46.6 to 59.4)
  ACR50                      32.9 (30.0 to 36.0)   36.5 (33.5 to 39.6)   32.0 (26.3 to 38.2)   29.8 (24.1 to 36.0)
  ACR70                      15.0 (12.8 to 17.4)   19.2 (16.8 to 21.7)   14.8 (10.6 to 19.8)   17.6 (13.0 to 22.9)
  DAS28-4(ESR) ≤3.2\*        16.3 (13.9 to 19.0)   23.3 (20.5 to 26.2)   18.3 (13.5 to 24.0)   23.0 (17.6 to 29.1)
  DAS28-4(ESR) \<2.6†        7.2 (5.6 to 9.2)      12.6 (10.5 to 15.0)   7.1 (4.1 to 11.3)     13.1 (8.9 to 18.2)
  HAQ-DI improvement ≥0.22   54.6 (51.3 to 58.0)   58.6 (55.3 to 61.9)   47.4 (41.0 to 53.8)   51.9 (45.3 to 58.4)
  HAQ-DI improvement ≥0.5    41.7 (38.3 to 45.0)   46.7 (43.3 to 50.1)   33.5 (27.6 to 39.8)   38.8 (32.6 to 45.3)

No placebo patients are presented at month 6 as most patients advanced to active treatment at month 3; percentages were based on the number of patients available for each parameter analysis.

\*Low-disease activity.

†Disease remission.

ACR 20/50/70, proportion of patients achieving ≥20%, ≥50%, and ≥70% improvement in American College of Rheumatology criteria; bDMARD, biological disease-modifying antirheumatic drug; DAS, disease activity score; ESR, erythrocyte sedimentation rate; FAS, full analysis set; HAQ-DI, Health Assessment Questionnaire-Disability Index; IR, inadequate responders; N, number of patients with available ACR data at month 6; month 6 analysis does not include phase II studies that were only 3 months in duration; NRI, non-responder imputation; P2/P3, Phase II/Phase III.

At month 3, improvements in clinical responses were numerically greater for bDMARD-naive patients versus one previous TNFi patient versus ≥2 previous TNFi patients for tofacitinib 5 mg twice daily, except CDAI and SDAI remission endpoints; 95% CIs were overlapping for most efficacy parameters, except ACR20 (see online supplementary table S1).

### Tofacitinib 10 mg twice daily {#s3b2}

#### Tofacitinib 10 mg twice daily versus placebo {#s3b2a}

In both bDMARD-naive and bDMARD-IR patients, improvements in all efficacy parameters were significantly (p\<0.05) greater for tofacitinib 10 mg twice daily versus placebo ([figures 1](#ANNRHEUMDIS2014207178F1){ref-type="fig"} and [2](#ANNRHEUMDIS2014207178F2){ref-type="fig"} and [table 2](#ANNRHEUMDIS2014207178TB2){ref-type="table"}).

#### Tofacitinib 10 mg twice daily versus placebo by prior TNFi exposure {#s3b2b}

For the bDMARD-naive, and 1 and ≥2 previous TNFi groups, improvements were significantly (p\<0.05) greater for tofacitinib 10 mg twice daily versus placebo across all efficacy endpoints at month 3, except ACR70, CDAI≤10 and ≤2.8, and DAS28--4(ESR)\<2.6 for ≥2 previous TNFi, although all responses were numerically higher for tofacitinib versus placebo (see online supplementary table S1).

#### Tofacitinib 10 mg twice daily bDMARD-naive versus bDMARD-IR analyses {#s3b2c}

At months 3 and 6, improvements in clinical responses were numerically greater for bDMARD-naive versus bDMARD-IR patients, except DAS28-4(ESR)\<2.6 at month 6; 95% CIs were overlapping for most efficacy parameters, except ACR20 at month 3 ([figures 1](#ANNRHEUMDIS2014207178F1){ref-type="fig"} and [2](#ANNRHEUMDIS2014207178F2){ref-type="fig"}; [tables 2](#ANNRHEUMDIS2014207178TB2){ref-type="table"} and [3](#ANNRHEUMDIS2014207178TB3){ref-type="table"}).

Improvements in clinical responses at month 3 were numerically greater for all efficacy parameters for bDMARD-naive patients versus one previous TNFi patient versus ≥2 previous TNFi patients with the following exceptions: SDAI\<11 and LS mean change from baseline in HAQ-DI (in bDMARD-naive and one previous TNFi group); LS mean change from baseline in DAS28-4(ESR) (in bDMARD-naive and ≥2 previous TNFi groups) ACR20 (in one previous TNFi and ≥2 previous TNFi groups); 95% CIs were overlapping for most efficacy parameters, except ACR20 (see online supplementary table S1).

Safety: tofacitinib 5 mg twice daily and tofacitinib 10 mg twice daily {#s3c}
----------------------------------------------------------------------

Incidence rates were numerically higher for both tofacitinib doses versus placebo for SIEs, HZ and malignancies (excluding NMSC); bDMARD-IR versus bDMARD-naive subpopulations for discontinuations due to AEs, HZ and malignancies (excluding NMSC) ([table 4](#ANNRHEUMDIS2014207178TB4){ref-type="table"}). Despite the noted numerical differences, 95% CIs were generally overlapping when comparing each tofacitinib dose versus placebo within each subpopulation. The CIs of incidence rates for safety events in the placebo and bDMARD-IR groups were wider versus the bDMARD-naive tofacitinib groups due to the lower total exposure ([table 4](#ANNRHEUMDIS2014207178TB4){ref-type="table"}).

###### 

Incidence rates (patients with event per 100 patient-years; 95% CI) for safety events of special interest in bDMARD-naive versus bDMARD-IR subpopulations in the P3 cohort

                                                      bDMARD-naive         bDMARD-IR                                                                            
  --------------------------------------------------- -------------------- --------------------- ------------------- -------------------- --------------------- ---------------------
  Exposure, patient-years                             149.5                885.5                 917.4               42.5                 170.5                 154.8
  All SAEs                                            15.0 (9.9 to 22.7)   12.2 (10.0 to 14.8)   9.6 (7.8 to 11.9)   19.0 (9.5 to 38.0)   13.0 (8.5 to 20.0)    11.3 (7.0 to 18.1)
  Discontinuations due to AEs                         10.1 (6.1 to 16.7)   9.1 (7.3 to 11.3)     9.6 (7.8 to 11.9)   18.9 (9.5 to 37.8)   14.8 (10.0 to 21.9)   15.0 (10.0 to 22.5)
  All serious infections                              2.0 (0.6 to 6.2)     3.4 (2.4 to 4.9)      3.5 (2.5 to 4.9)    0                    2.3 (0.9 to 6.3)      3.2 (1.3 to 7.8)
  Herpes zoster (all---serious and non-serious)       2.0 (0.7 to 6.3)     4.0 (2.8 to 5.5)      4.4 (3.2 to 6.0)    0                    5.4 (2.8 to 10.4)     5.4 (2.7 to 10.7)
  Herpes zoster (serious)                             0                    0.3 (0.1 to 1.1)      0.3 (0.1 to 1.0)    0                    0.6 (0.1 to 4.2)      0
  Herpes zoster (non-serious)                         2.0 (0.7 to 6.3)     3.6 (2.5 to 5.1)      4.1 (3.0 to 5.7)    0                    4.8 (2.4 to 9.6)      5.4 (2.7 to 10.7)
  Tuberculosis                                        0                    0                     0.8 (0.4 to 1.6)    0                    0                     0
  Opportunistic infections (excluding tuberculosis)   0                    0.3 (0.1 to 1.1)      0.4 (0.2 to 1.2)    0                    0                     0
  Malignancy (excluding NMSC)                         0                    0.6 (0.2 to 1.4)      0.9 (0.4 to 1.7)    0                    1.2 (0.3 to 4.7)      1.9 (0.6 to 6.0)
  Lymphoma/lymphoproliferative disorders              0                    0                     0.1 (0.0 to 0.8)    0                    0                     0.6 (0.1 to 4.6)
  MACE                                                1.3 (0.3 to 5.4)     0.6 (0.2 to 1.4)      0.8 (0.4 to 1.6)    0                    1.2 (0.3 to 4.7)      0.6 (0.1 to 4.6)
  All cause mortality (30-day rule)\*                 0.7 (0.1 to 4.7)     0.6 (0.2 to 1.4)      0.4 (0.2 to 1.2)    0                    1.2 (0.3 to 4.7)      0

\*30-day rule: deaths occurring within 30 days of the last dose.

Safety was assessed during months 0--6 for the placebo group and months 0--24 for the tofacitinib groups. Patients who advanced from placebo to tofacitinib are counted in the placebo group until advancement in the various studies---some patients advanced at month 3, while others advanced at month 6 unless they did not achieve a 20% improvement in swollen/tender joint counts at month 3, in which case they advanced to active treatment (ORAL Sync, ORAL Scan and ORAL Standard).

bDMARD, biological disease-modifying antirheumatic drug; IR, inadequate responders; MACE, major adverse cardiac events; N, number of patients included in analysis; NMSC, non-melanoma skin cancer; P3, phase III; SAE, serious adverse event.

Patients who received glucocorticoids had a higher incidence rate of SAEs, discontinuation due to AEs, SIEs and HZ versus patients who did not receive glucocorticoids (see online supplementary table S2). No differences in baseline demographics or efficacy were observed between the two subpopulations (data not shown).

Discussion {#s4}
==========

To the best of our knowledge, this is the first study to analyse the efficacy and safety of an approved RA treatment in bDMARD-naive versus bDMARD-IR populations using pooled data from a large, randomised clinical trial programme.

Tofacitinib was effective in reducing the signs and symptoms of RA when used before or after bDMARDs. In both bDMARD-naive and bDMARD-IR patients in the P2/P3 cohort, improvements in efficacy parameters at month 3 were significantly (p\<0.05) greater for both tofacitinib doses versus placebo (except improvements ≥0.22 in HAQ-DI for bDMARD-IR patients who received tofacitinib 5 mg twice daily). In general, improvements in clinical responses at months 3 and 6 were numerically greater for bDMARD-naive versus bDMARD-IR patients, with overlapping 95% CIs. In particular, the proportions of patients achieving ACR20/50/70 responses were higher in the bDMARD-naive versus the bDMARD-IR subpopulation; the differences between the subpopulations for endpoints such as changes in DAS28-4(ESR), CDAI or SDAI, or achieving DA28-4(ESR), CDAI or SDAI remission or low-disease activity were less prominent. Of note, bDMARD-IR patients had longer disease duration and slightly greater disease activity at baseline compared with bDMARD-naive patients, which could have influenced these results. Although no formal comparisons were made, numerically greater clinical responses were generally reported for tofacitinib 10 mg twice daily versus tofacitinib 5 mg twice daily; however, both tofacitinib doses reported significant improvements versus placebo across efficacy endpoints in both subpopulations.

Improvements in efficacy parameters were similar in bDMARD-IR tofacitinib-treated patients compared with TNFi-IR tofacitinib-treated patients from the ORAL Step study; this was expected given that these analyses included ORAL Step tofacitinib-treated patients (n=399).[@R27] In bDMARD-IR subpopulations treated with tofacitinib, ACR and DAS response rates at months 3 and 6 were generally similar to those reported for non-TNFi bDMARDs, including abatacept, rituximab and tocilizumab in TNFi-IR patients, except DAS endpoints for tocilizumab 8 mg/kg.[@R10] [@R13] [@R14] In bDMARD-naive patients treated with tofacitinib, clinical efficacy endpoints were generally similar to those reported for bDMARDs in patients who were bDMARD-naive or with early RA.[@R9] [@R34]

More patients achieved efficacy endpoints at month 3 when treated with tofacitinib compared with placebo even after patients were stratified by exposure to previous TNFi. While tofacitinib was significantly greater versus placebo in patients exposed to bDMARDs for many endpoints, patients with ≥2 previous TNFi exposure generally had poorer efficacy responses than bDMARD-naive patients and those with one previous TNFi exposure. The number of patients in the multiple TNFi group was less than the other TNFi exposure groups; for several endpoints, responses were numerically higher but not statistically significant for tofacitinib versus placebo in the multiple TNFi group---possibly attributable to the smaller sample sizes for each treatment group, therefore, conclusions must be made with caution. Baseline differences between the groups may impact on the differences in efficacy observed. Nevertheless, data in tofacitinib-treated bDMARD-IR patients were consistent with studies of bDMARDs that have generally shown less clinical response when a bDMARD is used after an IR to at least one previous bDMARD.[@R10] Stratification by prior TNFi exposure also showed that ACR response rates in tofacitinib-treated bDMARD-IR patients were generally similar to non-TNFi bDMARDs,[@R10] [@R13] [@R14] [@R19] [@R20] but greater than TNFi.[@R11] [@R12] [@R18] The results of these analyses suggest that tofacitinib demonstrates efficacy compared with placebo in patients, irrespective of prior TNFi exposure; results were generally similar to those observed for bDMARDs.

In the P3 cohort, the tofacitinib safety profile appeared similar between treatment groups and between bDMARD-naive and bDMARD-IR subpopulations of patients with RA, with incidence rates that had overlapping 95% CIs. Incidence rates for safety events were generally numerically higher for both tofacitinib doses versus placebo and tofacitinib 10 mg twice daily versus tofacitinib 5 mg twice daily for SIEs, HZ and malignancies (excluding NMSC), and in the bDMARD-IR versus bDMARD-naive subpopulations for discontinuations due to AEs, SAEs, HZ and malignancies (excluding NMSC). Patients that received glucocorticoids had a higher incidence of SAEs, discontinuation due to AEs, SIEs and HZ (all serious HZ occurred in patients receiving glucocorticoids); consistent with reports from RA patient databases of bDMARDs.[@R42] [@R43] Opportunistic infections (excluding TB), TB, malignancies, lymphoma/lymphoproliferative disorders and deaths were uncommon in both bDMARD-naive and bDMARD-IR tofacitinib-treated patients in the P3 cohort; higher rates were observed for tofacitinib 10 mg twice daily versus tofacitinib 5 mg twice daily, except deaths (overlapping 95% CIs). There is no apparent or consistent association between tofacitinib dose and risk of malignancy.[@R44] In phase III studies, nearly all TB cases occurred in regions of high TB endemicity.[@R45] Similar to the bDMARD-IR subpopulation, these safety events were also uncommon in the tofacitinib ORAL Step study[@R27] and studies of bDMARDs in TNFi-IR populations.[@R10] [@R11] [@R13] [@R14] Compared with tofacitinib-treated patients in the bDMARD-naive subpopulation, these safety events of special interest were generally similar to those reported for bDMARDs in patients who were bDMARD-naive or with early RA.[@R9] [@R34] [@R46] The safety and efficacy profiles in bDMARD-naive and bDMARD-IR patients in the randomised controlled trials were generally similar to the data from tofacitinib LTE studies to date (data not shown[@R47]).

These pooled analyses provide a large data set for tofacitinib treatment groups in bDMARD-naive and bDMARD-IR subpopulations. The limitations of the pooling of data from studies with different designs and methodology may result in a heterogeneous patient population (despite similar inclusion/exclusion criteria), making it difficult to detect changes due to larger variations in the analysed populations. As patients were treated with placebo only for a short term, the placebo group had fewer patients and less exposure than the tofacitinib group in phase III studies, resulting in sample size differences for the comparisons at month 3. The studies included in these analyses were not designed for comparisons between bDMARD-naive and bDMARD-IR patients and patients with/without concomitant glucocorticoids; patients were not randomised according to this stratification, no formal statistical analyses were performed to compare efficacy or safety between these subpopulations, and conclusions were based on descriptive analyses only.

In summary, tofacitinib was effective in reducing the signs and symptoms of RA when used before or after bDMARDs. With a few exceptions, tofacitinib treatment resulted in greater efficacy responses in bDMARD-naive versus bDMARD-IR patients. The tofacitinib safety profile appeared similar between subpopulations. Taken together, these results suggest that tofacitinib provides an effective treatment option for both bDMARD-naive and bDMARD-IR patients.
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